In this paper, a genetic algorithm (GA) approach is presented for optimal solution of combined economic emission load dispatch (CEELD) problem. Fuel cost and emission are considered to formulate the multi-objective optimization problem. An optimal trade-off between fuel cost and emission is obtained using genetic algorithm. Two test systems are considered to show the effectiveness of the GA approach. An extensive analysis is done by presenting a short term thermal generation scheduling for the Test system-1.
INTRODUCTION
The main objective of economic load dispatch (ELD) is to schedule the committed generating units output to meet the load demand at minimum operating cost [1] .However, with the increasing public awareness of the environment protection and the passage of the Clean Air Act Amendment of 1990, we need to reduce the pollution and atmospheric emissions of the thermal power plants [2] . Economy in cost is not enough so emission is also considered along with the cost. The most important objectives which are to be satisfied simultaneously are economic operation, minimal impact on environment, reliability and security [3] .
Several strategies to reduce the emission have been proposed and discussed [4] [5] [6] . These include some pollution cleaning equipments. The emission dispatching option is an attractive short term alternative in which the emission in addition to the fuel cost that is combined economic emission load dispatch (CEELD) is to be minimized [7] . The economic dispatch problem can be handled as a multi-objective optimization problem with non-commensurable and conflicting objectives. In recent years, this option has received much attention since it requires only small modification to ED to include emissions [8] .
Various techniques such as direct NR method based on alternative jacobian matrix [8] , a recursive approach based on dynamic programming [9] , a simplified recursive process, a progressive articulation of preference information based optimization technique [10] and an analytical strategy based on mathematical modeling [11] have been presented to handle combined economic emission dispatch problems.
In recent years evolutionary approaches such as interactive fuzzy satisfying based simulated annealing technique, particle swarm optimization, a multi-objective genetic algorithm and a fuzzified multi-objective particle swarm optimization algorithm [12] have been extensively articulated to obtain the global optimal solution. The problem has been reduced to a single objective problem by treating the emission as a constraint [13] . This formulation has some difficulty in getting the trade off relations between cost and emission. Then minimizing the emission has been handled as another objective in addition to the cost. Recently, the studies on evolutionary algorithms have shows that these methods can be efficiently used to eliminate the most of the difficulty of classical methods [14, 15] . Various solutions of ELD and CEELD have been reported recently in the literature [19] [20] .
GA has been applied on a three generator test system considering CEELD [16] . Further in this paper GA has been extended on two different standard test systems and extensive analysis is done by presenting a short term thermal generation scheduling for the test system-1.
In this paper genetic algorithm [16] is applied to solve the CEELD. CEELD problem is considered as an optimization problem where the fuel cost and emission are treated as competing objectives. The presented GA is applied on the two standard test systems. Test system-1 comprises a three generator system [17] . Test system-2 comprises a standard six generator (IEEE 30 bus system) [18] . Short term optimal generation scheduling is done on Test system-1.
PROBLEM FORMULATION
CEELD Problem is formulated as an optimization problem in which fuel cost and emission are minimized simultaneously for the prescribed schedule of load.
Multi-objective optimization problem of Fuel cost and emission are converted into single objective problem using penalty factor [16] .
Economic Dispatch
Mathematically the objective function or fuel cost function [1] is written as
F( ) = total fuel cost , , = cost coefficients of ith generating units
Emission dispatch
Harmful pollutants like oxides of nitrogen ( ), oxides of sulphur (SO x ) and carbon monoxide (CO) are emitted due to burning of fuel in thermal powers plants [1] . Mathematically emission is defined by quadratic equation [1] . Equation 2 shows the emission function to be minimize while satisfying the constraints as per equation (7) and equation (8) .
, , = emission coefficients of generating unit
Combined economic emission dispatch
Fuel cost and emission are two conflicting objectives to be attained. When the fuel cost is minimized, emission increases and cost increases when emission is minimized. So the cost and emission are reduced simultaneously while satisfying the constraints imposed as per equation (7) and equation (8) .
Both objectives fuel cost and emission are converted into a single objective function [16] with the help of penalty factor using equation as
Where, = Penalty factor
Steps to determine Penalty factor
Penalty factor is determined using following procedure [16] .
(1)Fuel cost at maximum power output for every generator is determined
Emission at maximum power output for every generator is determined as 
Constraints
Constraints imposed on CEELD problem are given as:
2.4.1) Equality Constraint (Energy balance equation)
Total generated power is equal to the total demand plus the transmission loss. Equality constraint [1] is given in equation
= real power output of the ith generating unit = total power transmission losses = total demand This equation denotes that the total generation is equal to the total demand when transmission losses are considered.
2.4.2) Inequality constraints (Generating capacity limit constraints):
The generation output of each unit should be between its maximum and minimum limits. Inequality constraints [1] is written as
= minimum power output of the ith generating unit = maximum power output of the ith generating unit To achieve true CEELD transmission loss must be taken into account. Using B-coefficients method, the network losses are expressed using George"s formula
are constant called B-coefficients or loss coefficients.
The exact value of the system losses can only be determined by power flow solution. Kron"s formula is used to find thelosses and appropriates the losses as a function of the output level of the system generators. Kron"s formula [1] is expressed as
OVERVIEW OF GENETIC ALGORITHM
GA was developed by John Holland and finally popularized by one of his student, David Goldberg [14] . GA is a stochastic searching algorithm. It is a genetics search algorithm based on the principles of natural selection and natural genetics. It is based on the "Darwinian survival of the fittest" principle [1] .
The attractive property of GA is that it searches for many optimum points in parallel. GA searches through many points in the solution space at one time which is other important advantage of GA as compared to other techniques.
The GA begins with a collection of chromosome known as the population. The population has L chromosomes called population size.
Genetic operator
A simple genetic algorithm consists of three basic operators: Elitism, Crossover and Mutation. The copying of best population to the next population is called "Elitism". If the probability is high, then the convergence rate increases. But it will not be too high to get good result For carrying out the crossover, there is need to identify the parents. The parent selection is done by using the roulette wheel selection. The parent selection is to be repeated two times to get the two parents for crossover. Then a random
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number is generated between 0 and 1, and compared with the crossover probability. If it is less than crossover probability then crossover is performed otherwise as it is passed. The crossover probability is defined before solving the problem. Mutation is the process of random modification of the value of a string position with a small probability .It is taken as very small.
Fitness function and parent selection
Implementation of power dispatch problem in GA is realized with the fitness function. Since the proposed approach uses the equal incremental cost criterion as its basic the constraint equation (2) can be written as
Then the convergence rule is when error (ε) decreases with in a particular value. For the purpose of emphasizing the best chromosome and speed up convergence of the iteration procedure, fitness is normalized between 0 and 1 [13] . The fitness function used is:
L= Population size = scaling constant
The equivalent decimal integer of binary string λ is obtained as
is ith binary digit of the jth string l is the length of the string L is the population size.
The continuous variable λ can be obtained to represent a point in the search space according to a fixed mapping rule, i.e
is the binary coded value of the string is the minimum value of variable, λ is the maximum value of the string
COMBINED ECONOMIC EMISSION DISPATCH USING GENETIC ALGORITHM
The step-wise procedure [1, 19] is outlined below for a quick reference.
1. Read data, namely cost coefficients, emission coefficients, B-coefficients, maximum allowed iterations, ITMAX, L population size, probability of crossover and mutation, and .
Compute the price penalty factor from equation (8).
3. Convert the multi-objective problem into singleobjective. 
RESULTS AND DISCUSSION
Genetic algorithm is applied on two different test systems. A short term optimal generation scheduling is done on Test system-1 [17] . Test system-2 [18] is a standard IEEE 30-bus (six generator system).. Genetic algorithm parameter used are Population size = 50 Generation = 500
Crossover probability = 0 .9 Mutation probability =0.01
Results of Test system-1
Best trade-off solution between fuel cost and emission is shown in Table-3 The total cost is 39436.46 Rs/hour and transmission losses are 11.6956 MW. A short term optimal generation scheduling for Test system-1 is shown in Table-4 for corresponding load demands as shown in figure-1. 
Results of Test system-2
Results of Test system-2 are shown in Tables 5-7 . The results for best fuel cost are shown in Table 5 and the results for best emission are shown in Table 6 . Best compromised solution between fuel cost and emission is shown in Table 7 . Power demand is taken as 2.834 pu at a base load of 100 MVA. The best combined cost is 627.4119 $/h and transmission losses are 0.0279pu MW. 
CONCLUSION
An extensive study of GA based CEELD is presented in this paper. The proposed genetic algorithm (GA) applied on two standard test systems. A short term thermal generation scheduling is presented for Test system-1. Compromised solution is obtained for both test systems. Improved version or the hybrid GA may be used in future to solve CEELD problems. In this paper the oxides of nitrogen is used as an emission objective. Oxides of sulphur, Oxides of carbon or their combination may be used in future as an emission objective.
